Neuroprotective effect of mild hypothermia in patients undergoing coronary artery surgery with cardiopulmonary bypass: Five-year follow-up of a randomized trial  by Nathan, Howard J. et al.
S
A
C
D
N
u
b
H
G
1
A
CDurgery for
cquired
ardiovascular
iseaseeuroprotective effect of mild hypothermia in patients
ndergoing coronary artery surgery with cardiopulmonary
ypass: Five-year follow-up of a randomized trial
oward J. Nathan, MD,a Rosendo Rodriguez, MD,b Denise Wozny, BA,a Jean-Yves Dupuis, MD,a Fraser D. Rubens, MD,bregory L. Bryson, MD,a and George Wells, PhDc
O
w
h
l
M
r
a
1
i
R
p
w
i
p
d
C
s
t
s
t
f
c
A
s
t
o
t
nFrom the Departments of Anesthesiology,a
Surgery,b and Epidemiology,c University of
Ottawa, Ottawa, Canada.
Funded by the Heart and Stroke Foundation
of Ontario and the Canadian Institutes of
Health Research.
Received for publication May 2, 2006; re-
visions received July 4, 2006; accepted for
publication Sept 11, 2006.
Address for reprints: H. J. Nathan, MD,
University of Ottawa Heart Institute, 40
Ruskin St, Ottawa, Ontario K1Y 4W7,
Canada (E-mail: hnathan@ottawaheart.ca).
J Thorac Cardiovasc Surg 2007;133:1206-11
0022-5223/$32.00
Copyright © 2007 by The American Asso-
ciation for Thoracic Surgery
See related editorial on page
1133.a
doi:10.1016/j.jtcvs.2006.09.112
206 The Journal of Thoracic and Cardbjective: In a randomized trial of 223 patients undergoing coronary artery surgery
ith cardiopulmonary bypass, we have reported a neuroprotective effect of mild
ypothermia. To determine whether the beneficial effect of mild hypothermia was
ong-lasting, we repeated the psychometric tests in 131 patients after 5 years.
ethods: Patients were cooled to 32°C during aortic crossclamping and then
andomized to rewarming to either 34°C or 37°C, with no further rewarming until
rrival in intensive care unit. Cognitive function was measured preoperatively and
week and 5 years postoperatively with a battery of 11 psychometric tests
nterrogating verbal memory, attention, and psychomotor speed and dexterity.
esults: Patients who had greater cognitive decline 1 week after surgery showed
oorer performance 5 years later. The magnitude of cognitive decline over 5 years
as modest. The incidence of deficits defined as a 1 standard deviation [SD] decline
n at least 1 of 3 factors was not different between temperature groups. Fewer
atients in the hypothermic group had deficits that persisted over the 5 years, but this
ifference did not attain statistical significance (RR  0.64, P  .16).
onclusions: The effect of surgery on cognitive function observed early after
urgery is an important predictor of cognitive performance 5 years later. Although
here was evidence of a neuroprotective effect of mild hypothermia early after
urgery in the original cohort, the results after 5 years were inconclusive. In general,
he magnitude of cognitive changes over 5 years was modest. We believe that
urther trials investigating the efficacy of mild hypothermia in patients having
ardiac surgery are warranted.
decline in cognitive performance after coronary artery bypass grafting
(CABG) with cardiopulmonary bypass (CPB) can be demonstrated in the
majority of patients.1 Diminished cognitive function after CABG has been
hown to be associated with diminished quality of life 5 years afterward.2 Although
he cause of this decline is not known, brain ischemia resulting from microemboli
r hypoperfusion is believed to play a role.3 Mild hypothermia (lowering brain
emperature by 2°C to 5°C) during or even after ischemia is a highly effective
europrotective strategy and is now recommended after out-of-hospital cardiac
rrest.4 We5 have previously reported a clinical trial in which patients undergoing
iovascular Surgery ● May 2007
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A
CDABG were randomized to rewarming at the end of CPB to
7°C or 34°C. We found that there was a reduction in the
ncidence of cognitive deficits 1 week after surgery in the
ypothermic group (relative risk [RR] 0.77, P  .048). The
erformance of the hypothermic group on one test of psy-
homotor speed and dexterity (Grooved Pegboard) was still
ighly significantly superior to that of the control group 3
onths after surgery, suggesting a permanent benefit. New-
an and associates6 observed that patients who exhibited a
ignificant cognitive decline early after CABG improved
hen tested again at 6 weeks and 6 months but 5 years later
gain showed significant impairment compared with pa-
ients who did not show an early postoperative decline. This
uggests that the perioperative injury causing the decline
as long-lasting effects and also suggests that an interven-
ion that prevents the early decline may have long-lasting
eneficial effects. We recalled patients from our original
tudy 5 years after surgery and repeated the psychometric
est battery. We wished to determine whether the cognitive
ecline documented 1 week after surgery persisted and
hether the beneficial effect of mild hypothermia was
ong-lasting.
aterials and Methods
etween August 1995 and February 1998, patients 60 years or
lder undergoing elective or urgent CABG who had no history of
ny neurologic event, no major comorbidity, and no impediment to
ompleting psychometric testing were invited to participate in the
riginal trial. Institutional Research Review Board approval and
nformed consent was obtained for both the original trial and the
-year follow-up.
The protocol is given in detail in the original publication.5 In
rief, patients underwent CABG with CPB using membrane oxy-
enators and 43-m arterial filters. All were cooled to 32°C
nasopharyngeal temperature) during application of the aortic
rossclamp. When rewarming commenced, a sealed opaque enve-
ope containing the treatment assignment was opened. The perfu-
ionists then rewarmed the patients to a nasopharyngeal tem-
erature of either 34°C or 37°C, taking care not to raise the
emperature of the blood leaving the pump-oxygenator above
7.5°C. The patients’ temperature was held constant until sep-
ration from CPB. Upon arrival in the intensive care unit,
arming blankets were applied and all patients reached 36°C
Abbreviations and Acronyms
CABG coronary artery bypass grafting
CI  confidence interval
CPB  cardiopulmonary bypass
RR  relative risk
SD  standard deviationithin 5 hours postoperatively. h
The Journal of Thoraciceasurement of Neurocognitive Function and Quality
f Life
earning efficiency and memory consolidation were evaluated
ith a verbal list–learning procedure (Buschke Selective Remind-
ng administration and scoring). Alternate forms were used to
educe practice effects. Attention span was evaluated with the
echsler Adult Intelligence Scale—Revised Digit Span. Psy-
homotor speed and dexterity were measured by Trails A and B,
rooved Pegboard, and the Symbol Digit Modalities Test (oral
dministration). From these tests we calculated the following mea-
ures: (1) Buschke Total Learning Free Recall; (2) Buschke con-
istent long-term retrieval; (3) Buschke long-term retrieval; (4)
uschke long-term storage; (5) Buschke Delayed Recall; (6) Digit
pan Forward; (7) Digit Span Backward; (8) Trails A; (9) Trails B
maximum score  300 seconds); (10) Grooved Pegboard (dom-
nant hand, maximum score  300 seconds); and (11) Symbol
igit Modalities Test. Patients were tested within the 4 weeks
efore surgery and then approximately 1 week, 3 months (not
eported here), and 5 years after surgery. Both the psychometrist
nd the patient were unaware of the treatment assignment.
tatistical Methods
e analyzed the psychometric test results both as continuous
utcomes and as dichotomous outcomes. For each of the 11
sychometric test scores, analysis of covariance was used to assess
he effect of temperature assignment and surgery. We used the
-year score as the dependent variable, the baseline score and the
-week postoperative score (effect of surgery) as covariates, and
he treatment group as a fixed independent variable. For all tests a
igher score indicates improved performance except for the timed
ests of speed and dexterity (Trails A, Trails B, and Pegtime),
here increased score indicates poorer performance. To facilitate
he categorical analysis, we combined the 11 psychometric tests
nto 3 cognitive domains using factor analysis with orthogonal
otation as described by Newman and colleagues.6 The scoring
oefficients used to generate the domain scores for the 3 visits
ere determined from the baseline scores of the entire 223 patients
ho were enrolled in the original trial. This method reduced the 11
cores into 3 variables that are uncorrelated. The 3 factors ac-
ounted for 80% of the variance present in the test battery and, in
omposition, resembled the 3 domains presented in our original
ublication: verbal memory, psychomotor speed and dexterity, and
ttention. The scores were adjusted so that an increase in score
lways indicates better performance. A composite score, intended
o represent overall cognitive performance, was formed by sum-
ing the three individual factors. A patient was deemed to have
ad a cognitive deficit if one or more factor scores decreased by at
east 1 SD. The incidence of deficits was compared between
roups by an uncorrected 2 test.
esults
f the 223 patients who were randomized, 194 completed
-week postoperative testing. Ninety-two patients in the
ormothermic and 81 in the hypothermic group survived, of
hom 66 and 65, respectively, completed the 5-year testing.
easons for loss to follow-up in the normothermic and
ypothermic groups, respectively, were as follows: death 8,
and Cardiovascular Surgery ● Volume 133, Number 5 1207
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1
A
CD3; too ill to participate 6, 2; refused 10, 7; unable to contact
0, 7. The retention rate was therefore 131 (68%) of 194 or
31 (76%) of 173 survivors. The mean (SD) times be-
ween surgery and the follow-up in the normothermic and
ypothermic groups were 5.5  0.42 (range 4.5-6.8) and
.5  0.46 (range 4.4-6.7) years, respectively.
The preoperative characteristics of the patients are pre-
ented in Table 1. There was a trend for patients with poor
ABLE 1. Preoperative characteristics
haracteristic
Completers Non-completers
37°C
(n  66)
34°C
(n  65)
37°C
(n  46)
34°C
(n  46)
ge at operation (y) 67  5 68  5 69  6 68  6
ale sex 59 (89) 54 (83) 36 (78) 40 (87)
V ejection fraction
35%
10 (15) 12 (18) 11 (24) 13 (28)
ducation
Grade 8 or less 19 (29) 25 (38) 14 (30) 15 (33)
Grade 9-12 22 (33) 17 (26) 17 (37) 15 (33)
College/university 25 (38) 23 (35) 15 (33) 16 (35)
CS
1 and 2 17 (26) 18 (28) 11 (24) 11 (24)
3 37 (56) 42 (65) 27 (59) 24 (52)
4 10 (15) 4 (6) 8 (17) 10 (22)
Unknown 2 (3) 1 (2) 0 (0) 1 (2)
HYA
I 44 (67) 45 (69) 28 (61) 31 (67)
II 16 (24) 10 (15) 8 (17) 5 (11)
III 6 (9) 10 (15) 7 (15) 9 (20)
IV 0 (0) 0 (0) 3 (7) 1 (2)
iabetes mellitus 18 (26) 16 (24) 9 (20) 10 (22)
rgent cases 8 (12) 8 (12) 7 (15) 10 (22)
revious CABG 4 (6) 9 (14) 7 (15) 8 (17)
reatinine (mmol/L) 89  20 87  19 92  19 94  23
lus–minus values are mean SD; others are No. (%). LV, Left ventricular;
CS, Canadian Cardiovascular Society angina classification; NYHA, New
ork Heart Association functional classification; CABG, coronary artery
ypass grafting.
ABLE 2. Surgical characteristics
reatment 37°C (n  66)
PB time (min) 85 27
rossclamp time (min) 48 18
rafts 3.2 0.9
lucose* (mmol/L) 6.6 1.3
ematocrit* (mmol/L) 0.25 0.04
asopharyngeal temperature at end of CPB (°C) 36.9 0.3
ntraoperative inotrope infusions 3 (4.6)
emperature on arrival in recovery room (°C) 35.4 0.6
lus–minus values are mean  SD. P value refers to the comparison bet
nd hematocrit were measured just before rewarming commenced: 1 mmol/L g
208 The Journal of Thoracic and Cardiovascular Surgery ● Maeft ventricular function (P  .091) and New York Heart
ssociation class III and IV (P  .058) to be lost to
ollow-up; however, there was no imbalance across temper-
ture groups. Intraoperative and postoperative characteris-
ics (Table 2) were similar in the two temperature groups
xcept for the design variable, temperature.
The mean scores and mean change scores for the neuro-
sychometric tests and factors are presented in Table 3. The
aseline scores of the 66 patients assigned to normothermia
nd the 65 assigned to hypothermia were well balanced
xcept for Digits Forward, in which the normothermic
roup performed significantly better (P  .038). Those lost
o follow-up (data not shown) had preoperative scores that
verall seemed slightly inferior to the completers; however,
he difference was significantly different only for the Bus-
hke Delayed Recall (P  .014). More important, among
hose lost to follow-up, preoperative scores in the hypother-
ic group were not significantly different from those in the
ormothermic group.
Among the 5-year participants, 2 tests showed signifi-
antly less decline 1 week postoperatively in the hypother-
ic group: time to complete the Grooved Pegboard and
igits Backward. We examined the effect of preoperative
est score, 1-week postoperative score, and temperature
ssignment on cognitive performance 5 years postopera-
ively using analysis of covariance. For all 11 tests, a lower
aseline score predicted lower performance 5 years later
P  .01). For 9 of 11 tests, lower 1 week postoperative
core (independent of baseline score) predicted lower per-
ormance 5 years later (P  .01, except for Pegtime and
rails A, P  .075 and .331, respectively). In no case was
here a significant effect of temperature on the 5-year test
cores.
Patients exhibiting a decrease of at least 1 SD in one or
ore of the three factors at the 1-week postoperative visit
ere deemed to have a cognitive deficit. In the original
ohort of 194 patients who were tested both preoperatively
nd 1 week postoperatively, the incidence of deficits was 46
pleters Non-completers
°C (n 65) P value 37°C (n  46) 34°C (n  46) P value
86  26 .834 80 26 89  27 .141
46  14 .479 43 17 49  15 .084
3.1  0.7 .202 2.9  0.7 3.2  0.9 .193
6.5  1.4 .783 6.3  1.3 6.5  1.5 .482
.25 0.04 .514 0.25 0.04 0.25 0.04 .571
4.2  0.5 .001 36.8 0.3 34.1  0.2 .001
9 (13.9) .065 8 (17.4) 8 (17.4) 1.0
3.6  0.5 .001 35.2 0.6 33.5  0.5 .001
temperature assignments. CPB, Cardiopulmonary bypass. *Both glucoseCom
34
0
3
3
ween
lucose  18.02 mg/dL.
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A
CD46%) of 100 in the normothermic group and 30 (32%) of
4 in the hypothermic group (RR 0.69, P  .045), suggest-
ng a neuroprotective effect of mild hypothermia very sim-
lar to that determined in our earlier report using different
riteria.5 In the 131 patients who completed 5-year testing,
he incidence of deficits 1 week postoperatively was 30
45%) of 66 in the normothermic group and 22 (34%) of 65
n the hypothermic group (P  .175). After 5 years, the
ncidences were 29 (44%) of 66 and 27 (42%) of 65 in the
ormothermic and hypothermic groups, respectively (P 
781).
To estimate the magnitude of cognitive decline experi-
nced by the patients over the 5-year period, we calculated
he mean change scores for each test and tested whether
he change was significantly different from 0. We did the
ame selecting only patients who had a decline of 1 SD or
ore 1 week postoperatively in any of the 3 factors to
uantitate the change in patients who showed an adverse
ffect of surgery. Standardized scores (z-scores) are pre-
ented to provide a common scale for comparisons between
he different tests (Table 4). Even in the group defined as
aving early postoperative deficits, no test decreased by as
uch as 1 SD over the 5 years.
With the composite cognitive index at the 5-year follow-up
sed as the dependent variable, a stepwise multiple regression
ABLE 3. Neuropsychometric test scores
Normothermia (n  66
Preop
Change fr
1 wk
erbal memory
BFR 41.1 8.8 2.7 8.3
BCLTR 20.5 12.2 2.9 14.7
BLTR 26.3 12.7 4.3 3.4
BLTS 28.8 13.0 5.0 14.1
BDR 6.4 2.8 0.2  2.4
peed
Trails A 39.9 11.6 1.8 14.1
Trails B 103.7 9.2 14.7 46.5
Pegtime* 87.5 20.7 17.4 32.8
SDMT 43.8 10.6 4.6  8.2
ttention
Digfor† 8.2 2.3 0.4  1.6
Digback* 6.8 2.7 1.1  2.1
actor 1 (verbal memory) 0.04 0.99 0.41 1.02
actor 2 (speed) 0.01 0.99 0.71 1.14
actor 3 (attention)† 0.27 1.01 0.16 0.84
omposite Cognitive Index 0.30 1.80 0.47 1.21
ll scores presented as mean  SD. Preop, Preoperative; 1 wk, early post
FR, Buschke free recall; BCLTR, Buschke consistent long-term retrieva
uschke delayed recall; Pegtime, Grooved Pegboard; Digfor, Digit Span Fo
P  .05 at 1-week change, normothermia versus hypothermia. †P  .05ndicated that significant independent predictors of poor 0
The Journal of Thoracicerformance 5 years after surgery included lower baseline
core, lower early postoperative score, poor left ventricular
unction, higher preoperative creatinine level, and less ed-
cation. Temperature assignment was not significant. The
odel explained 76% of the variance in the data; baseline
core alone accounted for 65%.
Last, we wished to determine whether the effect of
emperature assignment on the number of patients who had
eficits 1 week postoperatively persisted over the 5 years:
hat is, we tested whether there was a difference between
emperature groups in the proportion of patients demonstrat-
ng deficits at both 1 week and 5 years. For completeness,
e present 3 different criteria for defining deficits. Using the
riterion of 1 SD decrease in at least 1 factor, the incidence
as 19 (29%) of 66 in the normothermic group and 12
18%) of 65 in the hypothermic group; the RR associated
ith hypothermia was 0.64 (95% confidence interval [CI],
.34–1.21, P  .164). Using the criterion of 1 SD decrease
n factor 2 (the most sensitive to surgery, see Table 3), the
ncidence was 10 (15%) of 66 in the normothermic group
nd 4 (6%) of 65 in the hypothermic group; the RR was 0.41
CI, 0.13–1.23, P  .096). Using the criterion of 1 SD
ecrease in the composite cognitive index, the incidence
as 12 (18%) of 66 in the normothermic group and 5 (8%)
f 65 in the hypothermic group; the RR was 0.42 (CI,
Hypothermia (n  65)
eop
Preop
Change from preop
5 y 1 wk 5 y
1.2 8.5 41.1 8.8 2.7 9.0 0.7 8.7
1.8 12.7 20.1 2.6 3.8 13.3 1.3 12.2
2.5 13.4 26.3 12.9 4.0 3.1 2.2 3.3
2.6 14.3 29.7 12.7 3.4 12.4 1.9 4.1
0.5  2.2 6.5 2.7 0.2  3.0 0.4  2.3
2.9 1.8 38.7 11.5 2.2 13.8 6.5 19.0
4.1 43.6 104.3 46.7 12.7 39.0 24.2 47.8
3.7 21.6 88.2 17.0 6.7 17.3 14.7 30.7
2.9  5.8 42.8 11.1 3.5  6.4 3.4  6.8
0.6  1.5 7.3 2.5 0.2  2.0 0.3  2.0
0.1  2.2 6.2 2.4 0.3  2.0 0.1  1.9
.24 1.00 0.10 1.01 0.30 1.04 0.23 1.01
.59 0.92 0.07 0.96 0.46 0.85 0.83 1.49
.00 0.69 0.16 1.00 0.04 0.84 0.16 0.84
.35 1.07 0.02 1.75 0.20 1.11 0.44 1.33
tive score  preoperative score; 5 y, 5-year score  preoperative score;
R, Buschke long-term retrieval; BLTS, Buschke long-term storage; BDR,
d; Digback, Digit Span Backward; SDMT, Symbol Digit Modalities Test.
eoperative, normothermia versus hypothermia.)
om pr

1
1



0
0
0
0
opera
l; BLT
rwar.16–1.13, P  .074). More patients in the hypothermic
and Cardiovascular Surgery ● Volume 133, Number 5 1209
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1
A
CDroup who did not have deficits 1 week postoperatively
emonstrated new deficits when tested 5 years later. For this
eason, there was a similar proportion of patients with
eficits in each group after 5 years.
iscussion
e have completed a 5-year follow-up of a randomized trial
f the neuroprotective effect of mild hypothermia in patients
ndergoing CABG with CPB. In the original study group a
ignificant effect was seen 1 week postoperatively. This
ffect was no longer significant in the 131 patients who
ompleted the 5-year follow-up. The analysis of group mean
ata indicates that both baseline and early postoperative
ognitive performance, but not temperature assignment, are
mportant independent determinants of cognitive function 5
ears later. The fact that early postoperative performance
s correlated with 5-year performance suggests that the
mpact of surgery has long-lasting effects on cognitive
utcome. Overall, however, the average decline in cog-
itive function over the 5-year period was small. An
nalysis of patients who had persistent cognitive deficits
1 week postoperatively as well as 5 years later) was
uggestive but not conclusive of a long-term beneficial
ffect of mild hypothermia.
We found a highly significant and consistent effect of
arly postoperative decline on long-term cognitive outcome.
he fact that we could demonstrate this on 9 of 11 raw test
cores makes the present results unambiguous and confirms
imilar findings by others.6,7 This suggests that an interven-
ion that reduces early decline would be expected to have
ABLE 4. Change over 5 years, standardized scores
All completers
(n  131)
Patients with deficits
(n  52)
erbal memory
BFR 0.11 0.05
BCLTR 0.13 0.00
BLTR 0.18* 0.04
BLTS 0.17 0.04
BDR 0.16* 0.34*
peed
Trails A 0.39† 0.54*
Trails B 0.39† 0.55†
Pegtime 0.73† 0.93†
SDMT 0.30† 0.38†
ttention
Digfor 0.19† 0.43†
Digback 0.03 0.16
egative change indicates worsened performance. BFR, Buschke free recall;
LTR, Buschke long-term retrieval; BLTS, Buschke long-term storage; BDR,
uschke delayed recall; Pegtime, Grooved Pegboard; Digfor, Digit Span For-
ard; Digback, Digit Span Backward. *P  .05 change score significantly
ifferent from 0. †P  .01 change score significantly different from 0.ong-lasting beneficial effects. r
210 The Journal of Thoracic and Cardiovascular Surgery ● MaWe, along with Newman6 and Selnes8 and their associ-
tes, observed only small decrements in cognitive function
years after CABG. Even the cohort defined as having had
significant decline 1 week after surgery demonstrated only
odest decline. Longitudinal studies of healthy elderly per-
ons9,10 show no change in cognitive function when tested
early over periods longer than 5 years, in part because of
ractice effects. It would be expected that our patients with
dvanced atherosclerotic disease and less practice effect
fter 5 years, even without surgery, would have more de-
line than healthy subjects. Selnes and coworkers11 have
eported the longest follow-up study (3 years) comparing
ABG patients and nonsurgical controls with atherosclero-
is and found few differences between the groups. How-
ver, group means reported in the above studies combine
he results of individuals whose scores improve or stay
he same with a smaller number of individuals who show
decline that may be important. This effect is better
escribed with a categorical approach,12 as has also been
one in the present study.
More patients in the hypothermic group had new deficits
ate after surgery, when the treatment strategy could have no
ffect. A reduction in the proportion of patients who had
eficits 1 week postoperatively that persisted over the 5
ears may be a more sensitive measure of a long-lasting
enefit of hypothermia. The observed reduction in inci-
ence of persistent deficits with hypothermia, although
ot statistically significant, should, we believe, encour-
ge further testing of this neuroprotective strategy for this
opulation of patients.
Several studies have found no benefit of hypothermic
PB on early postoperative neuropsychologic outcome of
ABG.13-16 Two studies were suggestive but not conclusive
f a beneficial effect.17,18 A common characteristic of these
tudies is rewarming of all patients before separation from
PB, often heating blood to temperatures exceeding 37°C.
hus, the duration of exposure to a beneficial effect of
ypothermia was brief and these patients were likely ex-
osed to the deleterious effects of cerebral hyperthermia
uring rewarming.19 The importance of extending the pe-
iod of hypothermia as long as possible after injury is well
stablished in the laboratory20 and is a feature of positive
linical studies.4 Although our trial maintained a tempera-
ure gradient between groups longer than other trials, this
radient did diminish after separation from CPB. Also, the
ormothermic group became mildly hypothermic. It is pos-
ible that if the groups could have been kept at 34°C and
7°C longer, the treatment may have been more efficacious.
e are currently testing this hypothesis. We21 have recently
emonstrated that extending hypothermia into the early
ostoperative period is safe for these patients.
Loss to follow-up is a limitation of this study. However,
etention was better than in similar studies,6-8 and the data
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A
CDollected on the patients lost to follow-up show no evidence
f a selective process that may have biased the study sam-
le. Both groups of patients experienced rewarming after a
eriod of hypothermia during aortic crossclamping. The
4°C group was rewarmed less. Although care was taken
ot to exceed perfusion (oxygenator outlet) temperatures of
reater than 37.5°C, it is possible that rewarming was a
reater stress to the 37°C group.
Our test battery contained the core tests recommended by
 consensus committee22 and examined a broad range of
rain functions. The use of cutoffs to categorize patients as
aving deficits is recommended by some6,12 but avoided by
thers.7,11,23 Comparing group means is appropriate if one
ssumes that all patients in a group are a sample of the same
opulation, that is, had a similar degree of injury during
urgery. The categorical approach assumes that patients
howing a decline greater than the cutoff have had a signif-
cant injury whereas others have not. Both approaches help
o describe the data, and we have chosen to present both to
he reader.
onclusions
e have found that the degree of decline in cognitive
unction observed 1 week after CABG with CPB is an
mportant predictor of cognitive performance 5 years later.
ypothermia reduced the incidence of deficits in the 194
atients who were tested before and 1 week after surgery
nd therefore might be expected to have a long-term effect.
n the 131 who completed 5-year testing, there was some
vidence suggestive of a neuroprotective effect of mild
ypothermia, but the results were inconclusive. In general,
he cognitive changes observed were modest. We believe
hat further trials investigating the efficacy of mild hypo-
hermia extending into the period after CABG with CPB are
arranted.
We acknowledge the expert assistance of Dawn Houbraken,
N, Sharon Finlay, RN, Denyse Winch, RN, and Geri Wells.
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